The effect of Lactobacillus acidopbilus on lactose utilization of humans was determined by our comparing the amount of hydrogen excreted in their breath after consuming milk containing either 0, 2.5 × 10 6 , 2.5 × 10 7 , or 2.5 × 10 8 Lactobacillus acidol)hilus/ml daily for 6 days.
Lactobacillus acidopbilus/ml improved lactose utilization. However, consumption of milk containing an intermediate 2.5 × 107/ml did not improve utilization based on comparison of group means before and after consuming the test milk. The lack of a significant effect for the latter group of test subjects was probably due to large increases of excreted hydrogen on day 7 as compared to day 0 by two of the six test subjects. The beneficial effect of Lactobacillus acidopbilus was immediate and did not require that milk be consumed daily. Improved digestion of lactose was not due to hydrolysis of the lactose prior to consumption, which indicated that the beneficial effect must have occurred in the digestive tract after consumption of milk containing L.
acidopbilus.
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the several causes for milk intolerance in humans, has been attributed to insufficient amounts of lactase in the intestines to hydrolyze lactose (2, 14) . In lactase-deficient individuals the ingestion of one or two glasses of milk often leads to gastrointestinal disorder resulting in cramps, flatulence, and diarrhea, which often is called lactose intolerance or lactose malabsorption. These symptoms discourage lactasedeficient persons from consuming milk. One approach to avoid these symptoms is to hydrolyze the lactose in milk with /3-galactosidase prior to ingestion (15, 19) . Milk treated in such a manner, however, tastes different (sweeter) from normal milk. Furthermore, /~-galactosidase is expensive. These two factors reduce the acceptance of lactose hydrolyzed milk.
Baer (1) suggested that persons unable to digest lactose might be able to consume yogurt without suffering the usual symptoms because of its reduced lactose content from bacterial fermentation. Gallagher et al. (6) reported that three subjects described as lactose malabsorbers were able to consume fermented dairy products without developing symptoms. They theorized that the bacteria in the cultured products might continue to exert lactase activity in the intestine after ingestion.
Use of Lactobacillus acidopbilus cultures as dietary adjuncts has increased since Metchnikoff's first mention of the desirability of consuming lactobacilli capable of living in the intestinal tract (8, 10) . Gilliland (7) listed several desirable characteristics of lactobacilli to be used as dietary adjuncts. Because some lactase-deficient persons may consume certain cultured dairy products without suffering the usual symptoms (1, 6) acidopbilus is hydrolyzed during refrigerated storage.
MATERIAL AND METHODS
Preparation of Milk Containing Lactobacilli
Frozen concentrated cultures of L. acidopbilus (of human origin) were obtained from Marschall Products, Miles Laboratories, Inc. (Madison WI). They were transported to our laboratory in dry ice, then stored at-196°C in liquid nitrogen. The procedure described by Gilliland and Speck (9) was used to confirm the identity of the culture. Pasteurized homogenized whole milk was obtained from the dairy processing plant of the Animal Science Department of Oklahoma State University. Milk containing the desired numbers of L. acidopbilus was prepared by adding the needed amount of thawed concentrated culture to the milk. The frozen concentrated culture was thawed by submerging the container (5 g cryogenic vial) in one liter of tap water at 30 to 35°C until thawing was complete. The exterior of the vial was sanitized with ethanol prior to opening.
Total populations of L. acidopbilus in milk were confirmed by plating the required dilutions on lactobacilli MRS agar by a pour plate procedure (20) . The milk was stored in a refrigerator until used.
Breath Hydrogen Test
The breath hydrogen test (BHT)used to measure the inability to digest lactose in human test subjects was a slight modification of that reported by Levitt and Donaldson (13) . Breath hydrogen was quantitated by a Varian Model 920 Gas Chromatograph (Varian Associates, Palo Alto, CA) equipped with a thermal conductivity detector, a l-ml sample loop, and a six port gas sampling valve. Separation of hydrogen from other gaseous components of the breath was obtained by a column (336 cm long, .16 cm i.d.) packed with 60 to 80 mesh 5A molecular sieve (Supelco, Inc., Bellefonte, PA). Separation was achieved at a column temperature of 53°C with argon as the carrier gas at a flow rate of 18 ml/min. The detector temperature was 107°C. When a breath sample was to be analyzed, 1 ml from the sample bag was transferred into the sample loop via the gas sampling valve by vacuum created with a 25-ml gas tight syringe. Concentrations of hydrogen (ppm) were determined by comparing the area of the hydrogen peak obtained from each sample with a standard curve prepared from mixtures of hydrogen, (99.998% purity) and nitrogen.
Gas sample bags were constructed from plastic laminated aluminum (Reynolds Metals Company, Richmond, VA) by heat sealing the edges of two 28 x 30 cm sheets. A sampling port composed of a threaded brass tubing connector with the necessary nuts and rubber washers to insure a gas tight fit was fitted through a hole in one of the sheets prior to sealing. A tygon tube (3.2 mm i.d.) was attached to the tubing connector to facilitate sample collection and analysis. The tube was sealed with a Hoffman openside pinchcock.
Hydrogen standards (25, 50, 75, and 100 ppm) were prepared by mixing the required amounts of hydrogen (99.998%; Big Three Industry, Houston, TX) and nitrogen (hydrogen free), taken by gas tight syringes from previously filled gas sample bags at ambient conditions in a vacuum evacuated sample bag. One-milliliter portions of each standard were analyzed. Peak areas for hydrogen plotted against the concentration of hydrogen yielded a straight line passing through the origin.
The breath hydrogen tests were in the morning following 12-h fast. Sample bags were flushed with nitrogen and evacuated by vacuum prior to each use. They were heated in an oven (80°C for 180 min) periodically to remove moisture from the sample bags. The subject inhaled deeply while standing, retained breath for 10 s, then exhaled into a sample bag. Following the initial breath sample, test subjects consumed the indicated milk product (5 ml/kg body weight) as the lactose dose. Additional breath samples were collected by the same procedure at 60 min after consuming the test dose and thereafter at 30-min intervals for 2 to 3 h. The collected samples were analyzed immediately for hydrogen content by gas chromatography, and the average hydrogen content (ppm) of the three consecutive samples exhibiting the most hydrogen was taken as the hydrogen concentration in the breath of each subject for comparison.
Test Subjects
Test subjects selected for these experiments were all lactose malabsorbers. 3 Only those students excreting at least 30 ppm hydrogen in the BHT were accepted as test subjects. Countries of origin of the subjects were: Taiwan, 12; Malaysia, 9; Korea, 2; Iraq, 2; Nigeria, 1 ; Bangladesh, 1 ; Iran, 1 ; and USA, 1. Subjects ranged from 20 to 31 yr of age. All were healthy with no recent history of gastrointestinal disturbance and were not currently receiving oral antibiotics. None of the subjects had consumed commercially available acidophilus milk. All subjects consented to participate in the study after being informed of its nature and purpose. Each subject was asked to keep a daily record of milk consumption, any symptoms of lactose intolerance encountered, and any medication taken during the experimental period. The individuals were not told whether the milk they were to consume contained cells of L. acidopbilus.
Feeding Trials
Twelve test subjects were assigned randomly to one of two groups (six each). One group was assigned milk containing 2.5 × 10 ° cells L.
acidopbilus/ml (acidophilus group) and the other was assigned milk without L. acidopbilus (control group). Using the assigned milk, subjects consumed 5 ml/kg body weight twice daily. The milk was delivered to the subjects with instructions to keep it refrigerated until consumed. Sufficient milk for 3 days was delivered each time, so that none was used beyond 3 days after preparation.
Intensities of lactose malabsorption for each subject in both groups were determined on day 0 by the BHT in which pasteurized whole milk was used as the test dose. Each subject in the control group consumed pasreurized whole milk for 6 days. Individuals in the acidophilus group consumed milk containing L. acidopbilus (2.5 x 10S/ml) for 6 days. On day 7, the BHT was repeated. The lactose test dose for the subjects in the control group again was pasteurized whole milk. The test dose for subjects in the acidophilus group was pasteurized whole milk containing 2.5 x l0 s L. acidopbilus/ml.
Neither test subjects nor analyst knew which subjects received control milk or milk containing lactobacilli until the trial was completed.
Comparison of breath hydrogen content of test subjects on day 0 and 7 for each group was done by treating the data as a paired experiment with the t distribution test for statistical analysis (21 prior to consumption, amounts of lactose were quantitated periodically during refrigerated storage of the milk. The milk was assayed by an enzymatic method (22) initially and after 3 and 7 days of storage at 5°C.
The number of L. acidopbitus in the milk was counted at various periods during refrigerated storage by a pour plate procedure with lactobacilli MRS agar (20) .
RESULTS
Characteristics of the L. acidopbilus matched those of L. acidopbilus as described in Bergey's An example of a curve of hydrogen excretion in breath samples of a lactose malabsorber after consumption of milk (5 ml/kg body weight) is in Figure 1 in a manner similar to that of Fernandes et al. (5) .
Concentrations (ppm) of breath hydrogen from each of six subjects before (day 0) and after 7 days of consuming pasteurized whole milk (control) twice daily for 6 days are in Table 1 . Although there was individual variation, averages for days 0 and 7 were essentially the same. Statistical analysis of the data revealed no significant difference (P>.50) between days 0 and 7. Thus, hydrogen excretion by the lactose malabsorbers was unchanged by the subjects consuming milk for 7 days. Meanwhile, there was a difference (P<.O1) between days 0 MINUTES AFTER INGESTINC TEST DOSE Figure 1 . Hydrogen excretion curve during breath hydrogen test for a lactose malabsorbing human. All subjects, except for the second, exhibited much lower hydrogen on day 7 than on day 0. The group average on day 0 was 47.6 ppm and on day 7 it was 28.4 ppm. Thus, consumption of pasteurized whole milk containing 2.5 × l0 s cells of L. acidopbilus/ml reduced hydrogen production and, presumably, lactose malabsorption.
In the second trial, the effect of daily consumption of pasteurized whole milk containing 2.5 x 106 cells of L. acidophilus/ml on lactose malabsorption also was significant (P<.025) ( Table 3) . Each test subject included S~gmflcantly lower on day 7 (P<.025).
in this group excreted less hydrogen on day 7 than on day 0. Reduction of breath hydrogen varied among subjects with subjects 2 and 3 exhibiting the greatest reduction. The group average on day 0 was 55.8 ppm and on day 7 it was 40.6 ppm.
The group of six test subjects in the second trial that daily consumed pasteurized whole milk containing 2.5 X 107 L. acidopbilus/ml for 6 days did not reveal a significant (P>.35) reduction of breath hydrogen (Table 4) . Three of the six subjects (2, 3, and 4) excreted more hydrogen on day 7 than on day 0 whereas the remaining subjects had lower breath hydrogen 
No slgmflcant difference (P>.35).
on day 7 than on day 0. Breath hydrogen for subject 6 was much lower (9.5 ppm) on day 7 than on day 0 (40.1 ppm).
To determine if daily consumption of milk containing L. acidopbilus was necessary to reduce lactose malabsorption, an additional trial was conducted. In this trial the subjects did not consume milk with or without lactobacilli during the periods between breath hydrogen tests. Concentrations of breath hydrogen of the test subjects were determined on days 0 and 7 (control milk as test dose) and on days 14 and 21 (milk containing 2.5 × 106 L. acidopbilus/ml as test dose). Results are summarized in Table 5 . The average breath hydrogen concentration (ppm) for the group on day 0 (47.7 ppm) was similar to that on day 7 (45.8 ppm). Also the breath hydrogen on days 14 (31.1 ppm) and 21 (34.2 ppm) was fairly close. For the two days 0 and 7 on which control milk was the test dose, there was no significant difference of BHT results (P>.70). There also was no significant difference (P>.95) .between concentrations of hydrogen in the breath of subjects for the days 14 and 21 on which milk containing L. acidopbilus was the test dose. However, the overall average of breath hydrogen concentrations on days 14 and 21 was significantly lower than on days 0 and 7 (P<.01). Thus, L. acidopbilus (2.5 x 106/ml) in the milk as a test dose for the BHT significantly reduced lactose malabsorption. It was not necessary to consume the milk daily for 6 days for breath hydrogen to be reduced.
Lactose content of milk containing L. acidopbilus (2.5 x 108/mi) during refrigerated storage is in Table 6 . The lactose content of the milk changed little during the 7 days of refrigerated storage. No free glucose from hydrolysis of lactose was detected.
The population of L. acidopbilus in milk during refrigerated storage also was determined on days 0, 3, and 7 to confirm if numbers of cells of L. acidopbilus in refrigerated storage was constant (Table 7) . Cells of L. acidopbilus in milk did not grow during 7 days refrigerated storage and showed fairly constant stability.
Each test subject maintained daily records of the presence or absence of symptoms normally associated with lactose malabsorption. Review of these records revealed no discernible pattern with regard to the type of milk being consumed. dsignificantly lower for L. acidopbitus milk (P<.01).
DISCUSSION
Milk and milk products have a high nutritional value and are important components of the human diet in most parts of the world. Consumption of milk is not limited to infants; milk is one of the mainstays of the human diet. Lactose malabsorption, however, is common in a proportion of the world's population. The incidence of lactose malabsorption varies with race and geography (2, 11) .
The breath hydrogen test currently is accepted as the most sensitive method for determining lactose malabsorption and is used routinely (5, 23) . One of the main problems (18) and Gilliland (7) suggested that L. acidopbilus might serve as a source of lactase for lactose malabsorbers. 2) L.
acidopbilus exerts antagonistic effects in vitro on bacteria that could produce gases in the intestine (7) . Activities of the organisms producing gas might be depressed partly by the production of antibiotic-like substances by the lactobacilli. Such an antagonistic action may be due to production of acids, hydrogen peroxide, and antibiotics (7). 3) L. acidophilus is a homofermentative bacteria and, thus, does not produce gas (4) . When the ratio of L. acidopbilus to other bacteria in a human intestine increases, the total gas production from action of heterofermentative bacteria may be decreased.
Because milk containing 2.5 × 10 s and 2.5 × 106 cells/ml both effectively reduced lactose malabsorption, it is surprising that 2.5 × 107 cells/ml did not significantly reduce breath hydrogen production. This lack of significant effect was probably from an abnormal increase of hydrogen excretion on day 7 by subjects 2 and 3. Explanations of this include possible inadequate adherence by the test subjects to instructions concerning consumption of the test milk or concerning fasting for the 12 h just prior to the BHT. Also, comparison of the three groups receiving milk containing L. acidophiIus L. acidopbilus/ml was considerably lower than for the other two groups. This indicates that this group included subjects who were not as severe lactose malabsorbers as in the other two groups. Such a difference could have influenced the apparent effectiveness of L.
acidophilus for reducing lactose malabsorption. If data from all three trials (Tables 2, 3 , and 4) were combined for statistical analysis as a paired experiment, breath hydrogen on day 7 was significantly lower than on day 0 (P<.01).
The (12) demonstrated that intolerance symptoms were a poor predictor of adequacy of lactose malabsorption as measured by rise of blood glucose. Records of symptoms maintained by the subjects showed large variance. The lack of any pattern from these records may have been due to a psychological effect. Because the perception and tolerance of discomfort vary depending on subjects, reliance on intensity scoring of symptoms is hazardous. Psychological effects of the subject and bias by the observer are hard to control in such a subjective test (23) . Objective measurements such as the breath hydrogen test provide much more reliable data than would subjective observations based on symptoms relative to the effect of various factors on lactose malabsorption.
Two studies indicated that milk containing L. acidophilus was not beneficial to lactose malabsorbers (16, 17) . However, in neither of these studies was information included on confirmation of the identity or condition of the lactobacilli in the milk containing L. acidopbilus. Milk in both of these studies was purchased from local supermarkets, and no information was given as to age of either product at purchase or numbers of viable lactobacilli. Furthermore, no information was given as to how the culture was handled prior to preparation of the commercial products. Without this information it is impossible to know whether numbers of viable lactobacilli were sufficient or if those had retained active enzyme systems for hydrolyzing lactose. Results from one of the studies (17) were based on subjective measurements by the test subjects. This has been criticized as a poor measure of lactose malabsorption (12) . Lactose malabsorption in the other study (16) was evaluated by a breath hydrogen test. However, their test dose was considerably larger than our dose. This also could have contributed to the difference of results.
Additional research on the mechanism of lactose hydrolysis by L. acidopbilus in the intestine and factors that influence it are needed. This would provide information to help ensure that cultures used as dietary adjuncts contain optimum lactase activity. Furthermore, it would be useful for maintaining this enzymatic activity through all steps in preparation and storage of unfermented milk containing cells of L. acidopbilus.
